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BOOK REVIEW 
SOLAR VERSUS NUCLEAR: CHOOSING ENERGY FUTURES. 
By Mans Lonnroth, Thomas Johansson, and Peter Steen. 
Pergamon Press, Inc., New York, 1980. Pp. 174. 
Reviewed by George J. Goldsmith* 
Nuclear energy presents the World with a bedeviling quandary. 
While there exist compelling arguments concluding that modern 
civilization cannot survive without it, there seem to be equally 
compelling arguments maintaining that we will not survive if we 
have it. The symmetry of these positions is only apparent, the 
former being related to our desire to continue the development of 
civilization along historic lines; the latter, on the other hand, be-
ing related more closely to new directions and new commitments 
for humanity with respect to expectations, life style, war and 
peace. Thus, in considering choices for the future, one must be 
constantly aware of the enormous breadth of issues affected by 
these matters. 
The enthusiasm accompanying the unleashing of the power of 
the nucleus in the 1945 mushroom cloud that ended the war with 
Japan evoked rapturous predictions of a World relieved forever 
from anxiety over energy; of a bright, peaceful, bountiful future 
for everyone everywhere. Emerging victorious from a war to 
which technological sophistication made an essential contribu-
tion, we were ready to believe that technology could provide easy 
* George J. Goldsmith is an Associate Professor of Physics at Boston College in 
Newton, Massachusetts. 
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solutions to all types of problems. Today there are good reasons 
to entertain second thoughts. It is true that the promise of 1945 
has been, in part, fulfilled. In some sections of this country as 
much as 25 percent of the electric energy is supplied from nuclear 
sources, currently at an operating expense well below that of oil 
fueled installations. The fulfillment, however, has been accompa-
nied by growing concern over the effects of this novel energy 
source on the quality of life and on the wider implications of an 
irrevocable commitment to it. Questions regarding its social, po-
litical, and psychological impact have emerged as matters of im-
portance even greater in magnitude than those concerning its 
utility as a source of much needed energy. We have been forced to 
take a sober look at what options exist and in which direction we 
wish to head. The early resolution of these questions has become 
increasingly urgent as we become more aware of the real limita-
tions of dwindling resources of more familiar fuels. A major con-
sequence of this urgency has been the erection of two camps situ-
ated at opposite poles: the one at "pro-nuke" claiming that the 
benefits of nuclear energy heavily outweigh the risks, and that the 
nuclear way represents the only reasonable route to a secure en-
ergy future; the other, at "anti-nuke" claiming that we must em-
phasize alternatives to nuclear sources because the risks associ-
ated with nuclear power are too great to be tolerated. While the 
positions of ardent advocates of both persuasions are essential for 
establishing the poles, it seems quite clear that the answer to our 
nuclear quandary lies somewhere between. But to locate it in this 
spectrum seems to be a formidable undertaking. The problem is 
further compounded because we are now functioning under tech-
nological and economic imperatives derived from our already con-
siderable commitment to nuclear electricity. In this country, if all 
the nuclear power plants now in the "pipeline" are finished, we 
will have grown from the present 71 operating plants to 195 in the 
next decade or so. One serious consequence of having been so 
thoroughly seduced by the promise of 1945, which reinforces the 
technological imperative, is the miniscule investment made over 
the intervening three and one-half decades in the development of 
alternative energy supplies. 
The questions posed arise not only in the United States, but 
also to some degree in nearly every other nation. These matters 
have become an essential part of government planning for the fu-
ture. Here in the United States, under the aegis of the National 
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Academy of Sciences, a committee known by the acronym 
CONAES* has just issued a 676 page report summarizing a de-
tailed study aimed at the period stretching from 1985-2010. The 
publication presently under review is a substantially more modest 
effort undertaken by a committee of the Swedish Government 
under the chairmanship of Mrs. Alva Myrdal, commissioned by 
the Secretariat of Future Studies. As pointed out by Gunnar 
Myrdal in the Introduction, Sweden, with its high standard of liv-
ing, advanced technology, strong tradition of electrification, en-
ergy intensive industries, and well organized utilities was an ideal 
candidate for heavy commitment to nuclear energy. The logic of 
this commitment is further reinforced by the total absence of fos-
sil fuels but abundant low grade uranium reserves. As a result, 
the period between the fifties and the beginning of the seventies 
saw an ambitious program for development of nuclear electricity 
and nuclear generated district heating-in some cases, both to-
gether in a cogeneration mode. Starting in 1972, however, a de-
bate over the wisdom of depending heavily on nuclear energy re-
sulted in. the question becoming more a political matter than one 
strictly of technology. By the end of 1978 two governments had 
been brought down on the issue of nuclear power. According to 
Myrdal, the significance of this public concern transcends the nu-
clear issue. It is symbolic of a general unease over the "social im-
pact on society of safer and rapidly changing technology." Rather 
than insisting on being carried along by the momentum of deci-
sions already made, the Swedish Government took the initiative, 
in 1973, to establish the Secretariat for Future Studies. The Sec-
retariat was charged with the responsibility for analyzing the im-
plications of present decisions as well as those of alternative de-
velopment options. This book represents an important phase in 
the process, the latest activity of which was a national referen-
dum on the future of nuclear power held on March 23, 1980. The 
result of this vote, in which the issues were unfortunately mud-
dled by the political process and by sensitivity to the general in-
tensive technology issue, was an agreement to complete the ex-
isting twelve-year nuclear development program but to build no 
additional new plants. 
While the "Solar vs. Nuclear" report deals with matters of con-
• Energy in Transitions 1985-2010. Final Report of the Committee on Nuclear and Al-
ternative Energy Systems. San Francisco: W.H. Freeman & Co., 1980. 
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cern to all modern industrial states, it would be a mistake to over-
look the unique characteristics of Sweden. Sweden lies between 
55°20'N and 69°4'N latitude, about equal to the position of 
Alaska. About one quarter of Sweden lies within the Arctic Circle. 
It is 970 miles long north to south and 200 miles wide, covering 
an area of 173,423 square miles, just slightly larger than the state 
of California. It has a population of about eight million approxi-
mately equal to that of New York City, nearly 90 percent of 
which is concentrated in the southern half of the country. Solar 
input to the country is extremely small in the winter months, and 
in spite of long summer days and midnight sun, it is not very 
great in summer. These two facts-low population density in the 
north and relatively low insolation-lead to unique conclusions 
with regard to the way in which a solar energy alternative can be 
employed. 
The book starts out with a tutorial chapter on energy and soci-
ety emphasizing particularly the role that energy policy plays in 
decision making: "What finally determines the demands on the 
energy supply systems are our evaluations of various aspects of 
our future standard of life-living space, car ownership, leisure 
habits-as against environment, foreign dependency, centraliza-
tion, etc. . . . The fundamental problem remains: how are we to 
shape our society from an overall point of view in such a way that 
life fulfills our needs, our values and our dreams?" These remarks 
are typical of the philosophical thread that winds through the en-
tire book. 
The second chapter contains an historical account of energy 
supply and conservation in modern Sweden in which the slow 
pace of technological shifts is emphasized, i.e., the long lead time 
between introduction of new technologies and bringing them into 
every-day utilization. 
This is followed by a chapter describing world wide energy con-
sumption, per capita demand, and distribution of fuel resources. 
Therein is a thorough description of the development of nuclear 
technology with an eight point catalogue of the problems associ-
ated with nuclear power. Renewable (solar) energy sources are 
treated very optimistically. This discussion contains the interest-
ing suggestion, not often expressed, of the possibility for interna-
tional trade in solar-derived fuels in the form, for example, of 
electricity, methane or hydrogen from "solar rich" nations to 
those countries not so generously endowed. It is pointed out in a 
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table that Saudi Arabia, for example, could provide, at 1 percent 
efficiency, all its own energy demand from the solar input to 0.016 
percent of its land area! The implication, of course, is that the 
Saudis have a great deal of excess sunshine to export (in addition 
to their more familiar fuel resources). The chapter proceeds with 
an analysis of the position of Sweden in the world energy market, 
pointing out her vulnerability midst the machinations of the su-
perpowers. The authors see problems arising out of an increased 
demand on the World's uranium resources which, they say, could 
lead to a slowdown in the expansion of nuclear energy in coal rich 
nations such as the United States. This in turn could lead to a 
reduction in coal exports from these countries, thus putting more 
pressure on the final fuel consumers. There is, as well, a rather 
wistful discussion of the role Sweden's extensive (but low grade) 
uranium deposits might play in this international game, and a 
brief account of how the problem of the proliferation of nuclear 
areas influence decisions on the extension of fission fuel resources 
through breeding. Two different energy futures are then de-
scribed, one in which energy production is based chiefly on nu-
clear power, and the other, "Solar Sweden" in which "only renew-
able energy sources are used." 
A set of arbitrary conditions are established for discussion pur-
poses: A thirty-five year time perspective is assumed, constant 
population, improved housing (40 percent more dwellings and an 
even greater increase in dwelling area), conservation resulting in 
30 percent reduction in household specific energy consumption, 
doubling in production of commodities and services, and a signifi-
cant reduction in specific energy consumption in the industrial/ 
service-transport sector (20 percent in industry and 50 percent in 
service and transport). The end result of this is only a modest 
increase in energy demand, from 415 TWh (1012 watt hours = 1 
TWh) in 1975 to 350-570 TWh in 2015. 
In "Nuclear Sweden" the distribution of kinds of nuclear en-
ergy systems reflects the constraints resulting from Sweden's geo-
graphical location and climate. The long, cold, sunless winters 
and the high concentration of population in relatively few urban 
centers favor "district heating," space heat supplied from a cen-
tral source, supplemented by electric heat and by some wood 
heat. Such central heating lends itself well to cogeneration where 
the waste heat from electric generating plants is utilized. Since, 
however, this heat demand also provides the cooling for the reac-
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tors and their steam turbines, its reduction in summer would be 
undesirable. Further, the heavy commitment to electric energy for 
industrial purposes and for the production of hydrogen for trans-
portation fuel results in more heat production than could possibly 
be used. The result is, in 2015, a distribution of several types of 
nuclear plants: sixty-seven conventional electric plants, six 
cogenerating plants and ten smaller heat producing plants to be 
used in winter. This, supplemented with 65 TWh of hydropower 
and 36 TWh of heat from wood, makes up the 550 TWh required. 
Consideration is given to the costs of extracting uranium from 
Sweden's own deposits, and of matters such as siting and load 
distribution. It is estimated that the uranium demand for this 
program can be met by domestic supplies within a decade pro-
vided development of existing resources commences soon. Long 
term reliance on domestic supplies, however, requires introduc-
tion of the fast breeder reactor by the year 2000. A major result of 
this would be the locking in of reliance on a fuel cycle involving 
plutonium. The matter of management of waste from the reactors 
is relegated to a study now under way. Cost estimates for the de-
velopment and operation of the nuclear system for the 1990-2015 
period are about 800 billion Swedish Kroner (190 billion dollars). 
In Solar Sweden, a total of 568 TWh/year would be produced of 
which 488 TWh would be available for use; the remainder repre-
sents losses of various sorts. This energy would be distributed 
among the following sources: 65 TWh from hydropower (the same 
as in Nuclear Sweden), 30 from wind, 50 from solar electric gener-
ators, 1 from "aquatic energy," 351 from biomass, and 71 from 
direct solar heating. The heavy reliance on biomass is the result 
of an adaptation of the solar system to Sweden's unique geo-
graphical location and populaton distribution. "Biomass" means 
mostly "wood" and the remote areas of Sweden are heavily for-
ested, well suited for intensive arboriculture. The cost estimates 
are, not surprisingly, exactly the same as those for nuclear Swe-
den. In comparing nuclear and solar options, the small, decentral-
ized nature of solar is contrasted with the large highly centralized 
capital intensive nuclear system. 
An assessment is then made of the two alternatives in light of 
the current energy situation, with a strong emphasis on keeping 
all options open as the nation converges on decisions for the nine-
ties and beyond. It would seem, as a result of the recent referen-
dum, that the nuclear option has, to some degree, been foreclosed. 
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The decision allows for the phasing out of the current crop of 
nuclear systems as they exhaust their useful life. There is a care-
ful analysis of the ways in which piecemeal institutional decisions 
such as these determine one direction at the expense of other op-
tions. While this report expressed some concern over the possibil-
ity that Sweden is already locked into a nuclear future, the lefer-
endum appears to have relieved that worry to some degree. Again 
and again, throughout the book, the Committee emphasizes the 
wisdom of careful, thoughtful, long range planning. It also admits 
that the two alternatives they have chosen represent neither ex-
clusive, nor necessarily optimum options. 
The "Transitional Period," the eighties, is further considered in 
a chapter which describes ways for maintaining flexibility, keep-
ing options open, and dealing with realities of present energy sup-
ply. Such matters are raised as the relative desirability of proce-
dures for reducing reliance on private transport as opposed to 
procedures for increasing the efficiency of individual cars. While 
those dilemmas are not resolved, it is useful to be reminded that, 
in this instance for example, each alternative has a major impact 
on different segments of the population. The volume concludes 
with brief chapters on organizational techniques for implement-
ing the recommendations, and a final brief chapter entitled, 
"Choosing a Future-Uncertainties and Values." This last chap-
ter is, in a way, a recognition of the intrinsic pitfalls of over-sim-
plifiedmodels, and of the human frailties with which we all have 
to cope. 
Overall, the report has a curiously philosophical leaning, not at 
all what one would expect from a government report. It reveals a 
great deal about the character of the persons involved in its writ-
ing. It is, in many ways, a profoundly human document totally 
devoid of the self-conscious sterility we so frequently encounter. 
To this reader it sounds much too naive to be taken seriously by a 
"government." That, however, may be a position more related to 
the Swedish personality than to any absolute appraisal. It has an 
almost wistful leaning in the direction of Solar Sweden, and a 
quiet but constant recognition of the frightening possibility that 
we are not entirely in control of the course of our technology; that 
it has a life and a will of its own. 
The book is produced in the form of reduced direct photocopy 
of a typescript translation from the original Swedish. As such it is 
difficult to read. The difficulty is aggravated by frequent typo-
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graphical and editorial errors, as well as by obscurely convoluted 
English. In spite of this, it is well worth browsing through and 
dipping into here and there if for no better reason than its put-
ting us in touch with a very humane approach to real global 
problems. 
